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(54) OPTICAL CIRCULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical circulator of four ports with a low 
loss and high isolation by using^an inexpensive, small-sized and easily manufactur-able 
polarizing beam splitter(PBS). 

SOLUTION: Four pieces of respective terminal units 10-1 to 10-4 are constituted so 
that non-reciprocal parts 12 mutually turning the inside out are arranged in parallel on 
triangular prisms 13 and parallelogram prisms 14 of a lower bottom surface of a fu*st 
PBS 1 1, and upper bottom surfaces of the PBSs of respective units become input/output 
ports of light. Second PBSs 20a, 20b are arranged between the terminal units becoming 
a pair so that a polarizing separation fihn 23 become parallel, and compensating PBSs 
30a, 30b are arranged between the second PBSs and one side terminal units 10-1, 10-4. 
Since leakage light components occurring in respective optical elements are reflected by 
the compensating PBSs to be emitted to the direction different from the coupling 
direction of the port, and to be attenuated further when they transmit through, the high 
isolation is obtained. 
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^ (PBS) m^'^xismiij^mr^ y w-i^ a 

4ffl<0#Sg?aL:^-/M 0-1-1 0- 
4«, mi<0PBSll(7)Tl£ffic03ir'JXAl 3k 

{C. m2c^PBS20a, 2 0 b^<i3t:i^iffil2 3*^ 

:::yMO-l, 1 0-4k<^tciimfflPBS3 0 
a . 3 0 b Srffigi-S , #3t^«^^-Cm t^CJiSbtfig 
^^{i. ffl«fflPBS-C^$nT^-h<0*S^:6-|6li:M 
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1 

1 m-maE.nroxi, (i3) t.m 
mmwi (15) i:mA.x'-ii:{t^tdtmi<m^m: 

b'-AXT'J y^' ( 1 1 ) fc. 

mmmytifi 1 o<oii*><i> 1 0 1 ocoffl'vjiji^l.l^tcji 
^M$r9 0jgaiI1£§-«:, -fiitaariSi'saijarrsigt: 

mm 1 <r«^3et'-Axr y ^srfitjittsTisii lo 

•yh(10-l. 10-2, 10-3. 10-4)S:fii 

-/h (10-1 f: 10-2) fc. fl&«02ffl<?)OTa*ig^JL 
h ( 1 0-3 fc 1 0-4 ) i^tl^tm^cfmmi: 

mnBnrvxM, (21. 22) $:fli3fc&Mig (23) 20 

(20a. 20b)S:. WfiBb^MilR(23)*»FfftC 

*>^IJ£IB2c^-&jl3tt-A>^r y >y t , -:tr<^ 

^jL- h(10-l. 10-4) tco^z, m)it^(^ 

ryxA(3i. 3 2) irmmmmos) irm.T 
-«c€$ilfca^^ijKt'-AX7•y •7^'(30a. 30 30 

b ) T*5^ fc S:^t-rSM*JB 1 taa03t9--=^f 

[it«)i3 1 ro£1i«3m*«. /fy:^m^ ( 4 0 
a, 4 0b) •ch^zbimkb-^-m^nzsmff) 

[if3t«4] l?rffi«IHigW*«. SSJf«(4 5a. 4 
5 b ) -CA&Cifc S^ftafc-rSfSsRS 1 

[it*3S5] iS^l~4(?)V^i^»fe:t>v%T, 
^d2fflcOmE3Si^JL-.yh«T)lili!^|g<^)-a5*J^tii<0 40 

[0001] 

fc'tfflv^'5>n&4 ;K- ^<0*i^-=^r jlI'-:?*;!!^!,. 
[0002] 

[fia^cofttei 4^-h«7)3K-9--^i^-^fct-c«!^ 

IB¥5 - 3 4 6 3 3^^fc:iei5SiU:«Jfcm*WT' 
ffl<^lff«fc-t*l'etL2ffl<0JS?t>fjt-/Wi&IS-&U 50 
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T4-it-M5ISSfc L-CV^S. 
[0003] C^-C{i2fliWlglS*f«{cJ:S^3Kfc^« 

^^hZ hX\ h 1 ffiK^^r^- V 2*»^>ai:>J 
5j^-h2cOA:b3K*^^-h3*-^>ti5:^]U. --K-h3 
OA:'J3lfe&'''-K-h4A»4>aj^Jt. ^-h4<OA^3fe!)>'4? 
- M *»<?.aj*f S fc V^d 4df- jL l'-9<n 

mm:W^LX\^t. 
[0004] 

[3«HB3&«)jfgfetJ:dfc^SiR®l 

9xm^ ■ m^m^m-hmmm^t tras 

-:?*«:«-C«fll{=^rSfc>-^dPJS*«fco/:r. «JSt»f« 
fc LT0!;t.tf;H-;i^*«ga^fflv^Si©^. -e-^ofe^c^Ji 
80iK*ttS]?»<^Jt{i»l : 1 O^ffiT. 1 0 5 y->{ 
-h;l-co^gM^5l«LJ:dfc-rs^r/J.{f. «JS*f« 
coS^^Ji 1 0 0 5 y p< - hyl^i^Sfc^rS . 
[ 0 0 0 5 ] t^::. ^3Kh-AfcME3tt-A<Oi)-|iiiE 

[0006] -e^-c«JSjfigH«Bitfiw-i^rt. <i3Kb'- 
Axry -/ ^^^mmimm^xx/myi^mt lx 

m^XmHT'mX'h h . L*> L«3l£t'-A;^T y y 
«?mit*^*tO»<=5:<'>vlfc*»^>. ^fO^'^r 

IBSfSC:fc*5-c^^*>-?;t. 
[00071 *I6HB{4, ±iBLfe««tii^T=5rSfiy:: 

3cflrc/j^t»f^ss^HB3tb-Axry ^^im 
\^xm&i^p^^rA y p-i^ 3 v(r>4iir^- 

[00081 

[i8S^S?gt;^5/i«><0*ai ±EL^:a«^aiis-t-s 
z^fflE^ryxAfc. «ft*i4 5SiO¥fifiaffljg7-y 

XA<0-ii5fc-Cffi3ieii-«ISS-fitCT-*fl:Sixfcm 1 <?) 

a^3fct'-AXTy •y^'fc. BiS«3fe!(«loc?)jii*>(i. 

1 3 1 -y(nm!^^-thmz<mt-nm 9 oseiks 
-ettfc30^i6F^aija^sigt-e<^)ii3iar<as^ 

•fr=5r»-U d t:L)t)9r«<0^t^«<^MaRa5fc S:fflv\ 
miE^ 1 <7)1g^3tt'-AX7"y y ^ ^ mt-|.TiSiiii 
cOHftT y XA fc WHfflJgr y XACSV H;^2r3^ 
t=tfc|iI^MBR»$-Jl^fcMLT4flic0iS?^i::i«y 
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L-C2ffltOBlffijS^^J^->yh (10-li:10-2) 
b. f&<^2m(0tm^^'/h (10-3i:10- 
4) ^-E-*i.«iflr«<Offi«i&*JV%tEa^-&. ^^iz. 

[ 0 0 0 9 ] LT. wmmmib 2^«:0E 

[ 0 0 1 0 1 $ ^>fc:. J:EU:<;#g<Ofl|j£S:«rigi: 
KO^d 2ffl<0|ifieJSrpi:^-y b<^lSi^<^)-»S-* 

[0011] ±aiiJSt:-f S i: . J©*|pl(cov^T<4. ffi 

*fc S«3Bc:^U. ^MBRarctAi:^<^Hi3ei9 0- 

■?-<0^2<oa^3teb'-AX7-i; -y ^J'T^tyiiliR* 
LTffiWL-C. {iJ8tffl03S^i^>yhtcAS*1-6. -e^O 

9 0 • Hingis . Cix-cajStfflt^^Jf-- y Kr)||l <7) 

[ 0 0 1 2 1 -5- LT. aj«ffll<^)Sg?J-- y hO^HBRas 

»fflOJg?i^ y hrtcD^ 1 <oa^^i3tt-AX7• y -y 
i'<?)(i3fc»«II^J:Ei: Jia!fc:Klt. SiS^S ^ i: t*. 

[00131 *fc«^3Kb'-AXr y >y ^''C^-f 4S 

[0 0 1 4 ] w^mt LxwBUfmm^^t:^ 


[00151 

[?6BHcollit<r)}KfiSl Hltt. *«HBfc:ffi&47K-b3e 

i u-9<rmsk(mm!n-mcntmi^ lx \ > 

5 . HatS^-r J: 3 1 . 4 M ~4 fcrJtJE-tS 
4':>«^JL- y M 0-1. 10-2. 10-3. 1 

o-Aimttbb%>\iz^ 4o<^a^«3eb'-AX7-y 

■y^20a, 20b. 30a, 3 0 b kTlf^SixTV^ 
10 3t7r>fK2tcJ:0«)fi$#iTV^S. -eLT. #S<^ 

[0016] [#Si^J-:i-y h 1 Oamm AWfTim- 
JLX»/M0-1. 10-2. 10-3. 10-4t±. 

--y h 1 Ott. fgKOa^WJKb'-Axry y^' 

T. rgl<7)PBSj fc-rs) 1 Ifc. ^M1ftt<02 

20 [0017]#I|1<0PBS1 ttft-^iazfliT- 
y 1 3 fc , »Eft3&«4 ^mni^^mmr y xa 1 4 

ta«$ttT(r^&. -eLT. -e^onKOPBsi i<o± 

lSjiiK:*7r>f^N*2<o^yxi*5|g^$#L. ifc. 161 
<^PBS 1 l«TJSiit:^HaR»l 2*gfiSa!g$*iT 

[0018l^HaKSl2tt. HlWPBSl l<7)Tli£ 
2^^LfcTOB«A»^»=SrS 2o<!51/2«««l 

6. 17fc. mi^OPBSl l<7)Tigffit{5S'll-<5^ 
30 Bffig«b6»^.=5rS7r7T-llIte^l8i:. C:<07t5t 

^>fflj«$*lT»-^S. *0rc«. miOPBS 1 liOTS 
iBfflfc:7r^T-l5HE^18^SS^2.. -fLT. 7t 
vf-mi^f 1 8<^B (miiOPBSll f:c?)«^B 
bWm) fcWttSidK:. 2o<01/2«S«l 
6, 175-M^fciigLTV^S. 
[00191 .IWi:^. 2oi01/2«*S16. 17 
14. 5v^t^*^eDSgfc^:o-C>r^S. t.ti. 1/2 
**«16, llffymmi. +22. 5JSfcL.TV^ 
40 :7r5T-IiII£^18{4. JiSri6i<0Alt1i 

[0020] ^fc, i^mMl 2tt, H2 3 

lll<^PBSl lffl|fcl/'2«[:gS16. 175:11 
m. L , -e^OJ'HHfc^ r ^t-HHg^ 1 8 ^ ffiStS I o 

[0021] [4 JL- y h t ffi<7)«^3Kb'- 

AXr y -y ^' fccDUffi] 4?- M <OSgi=^i- -y M 0 - 
lfcdf-h2<^JffF^yM0-2i:*«. BrS<0ffiJ8l 
50 3t'»tJSHx^«»IT«|6rt&iIifiii«t:^r->Tv^&. 


5 

fc. --K- h 3 MO- 3 4 coag^ 

j.::^-/ M 0 -4 0rS<offiS|rittJSBh/c«®Tit 

jl:::. y M 0 - 1 i: :K- h 3 iOffi? y M 0 - 3 JO* 
Bf«L. ttz. .-K-h2«Jg^JL- yM0-2i:dt- 
f4<^SffFi::^«y h 1 0-4imStti>XdtZlX\>'^ 

1 0 0 2 2 J LT. itrsrtss&f y hmmjs.^ 

tlS^rtfc. 4ffl<^^3Kb-A:^r y -y rJ' 2 0 

a, 20b. 30a, 3 0 bj&SSSSffiStffia^ilS. 
O^O. ;K-M<0JSg^^- yM0-lfc;K-h2c7) 
jg^jL- .y h 10-2<rmiiZ^ ll2<oa-g«5eb'-AX 
TU-/^ (WT, r||2<0PBSj tV^3) 20aatf 
«HlfflS^3Kt'-/.X7-i; «y^ (WT. ^wmPB 
Sj iiV^d) SOaS-a^Wttffigti.. 

[00231 ^LX. ;K-Mc03iB^i-.yM0-l 
MfcJIHSfflP B S 3 0 a ^fiaS-fr. ^(Ot^JL- y h 
10-lt»«fflPBS30atS:i^$-fr|,. 
|g2<0P B S 2 0 a fc;Jf- h 2<03f&?i- y h 2 0 - 2 
lim^<^)!B)lfc'»tIilfiS J: o t LTi^S . 

10 0 241 Paifc. ;if-h3OJiH'JL-.yM0-3 
fcdf-h403g?i--yM 0-4<?DBItlt>. m2<0P 

B s 2 0 b&t^«®ffl p B s 3 0 b ^m^dwtcsa^ 

S. -eLT. .■K-h4<7^JL:^ y h 1 0-4«fc»« 
fflPBS3 0b5:fia$-fr. -5-«Ji&^i--yM0-4 
i:«iSfflP B S 3 0 b i: ^iS«$-fra . 
[00251 S^>fc:. l|2OPBS20bi:4f-h3<0 
jgi^i- y h 2 0 - 3 {imS<0lEJ5ifc'<t!i*tl. i 5 
|g2«PBS20a. 2 0bH±*5BS^SJ:dK: 

[00261 ll2tfDPBS20a. 20b&t^ai 
<IfflPBS30a. 3 0b{i. :*^i^Jg®Tli. If- 
filj£cot»i^)«:ffli-^-CiJ9. tt>{c 2o£0ifi^|-^)aHA 
ryXA2 1 . 2 2 (31. 32) <OJSffia±-C. «3t 
t»-JSJS2 3 (33) S•SlE^•CH*:ft$i^^J©^^::m 
Sii-CV^S. -E-LT. #iWt4^fil82 3. 3 3A«¥fTt: 

[00271 J:Om*«lt=»i, 1ilHlfflPBS30a<0« 

3K^)-SyS3 3fc, ^2<7)PBS20a<O(I3l6^)-(iig23 
*«»|filL. IB2i0li3B)-{||IS2 0a, 20b(7m^^m 
IB23. 2 3H±*<«|6l-tS<J:dfc:LTV^S, 
fflHifflPBS30b<0®7K^I5IIS3 3t, m2<DPBS 
2 0 b«offi3e^SIIS2 3*Wl6li-S J: 0 t^rS. 
[0 0 281 »:t:. ±EL/v:fliB^^03l£1^-^J^^-^'^0 

[00291 h 1 i>^t>ni- h 2-0«.e«t8S] Z<^m 
*|6|<Wt»«:a3(C*t'CI.^S. df-M<0J8?JL-^ 
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^tmi5X'pmtbsmmi:.^m^tii>. pmm.^ 

[00301 ^</MSk. pm^t smmm i ^op b s 
1 i*-^>wtaii«-s. pmmjjmiomxf>*). i 

/2«^16<^«t!mfr{a«-2 2. 5K-C*S3&» 

pmm.^iii/2^M:met:imLxmm&. 
10 *r6)t4 5eiiBs^&<otm*fittojgrcfco, p« 

[003il-:tr, sfmjjmi9 0&X'h*). 1/2 

«*S17<^«temfrl&ltt+2 2. 5Jgrr*>S*»Jc>, s 

mm.m 1 /2mm. 1 7 iiWkLxmmmi- 4 

fc:4 5JSlillcrs«T«3iarfi[J±ojSi:^rO. mi<r>P 
B S 1 1 «|*»i?,aT P«3efcS3ft$*iS . 
[00321 Ltdfi-yX. m-:3.=L'/VlO-\<^mi 
KSSl 2*»^>{i2*<OP(i3t<031figfc LTtBltSti. fli 
20 «fflPBS3 0a. ||2<OPBS2 0a<Offl3B^(iK3 
3. 2 35:j^UT-e<04*aai.. ;K-b2<0jS?JL 
:i-yM0-2<^l/2«S«16. 17fe:AtH-S, 

jjELfcsgi^jLriy M 0 - 1 mn^msM i2mw. 

fcJg^jL-^M0-2fl|(?^MIR9512Tt>. 1/2 
16,1 imf^y r 1 s<nmzM 

[00331 ^*>«>. ^-h2OJBT:J^-yM0- 
2 KfcV^T . df- M ffl*»^><??mi5<?)P(i3Kb*-A<7)(i 

30 3fctrfi[iiJ&fj^-/MO-2<oaj:Jj^ri6i*»^l.r-4 
sj^fcij. i/2m^n(rimmfimi.diMiM 

1)>I^MX+22. 5mX$>ht-i^. i/2mm.i7i 

WEgjajBTy XA 1 4 tffl^Bi-JSii 1 sxm^t. 

«t:l/2«^«l 6<^)3l£^«rtr|6H4{I}**|6lA»t^S 
t-22. 5]rCfcS*»^». l/2»:R1gl 6i^iB§t 
fclfti^cOtiJlSfrGtiOSfc^rO. Pffl*tLT«^SI 
R15SrjS3arr6. J:oTSiKKfcP1i*li:i*<^«e« 
t^jS$*i.. df-h2fc:(iS^^tt4i<Jg^?iiS. 
40 [00 341 [;K-f2*>^>--K-h3'\c03tSS] 

*l&|t%Ki8&a4(c*LTV^S. ±ELfcjK-MA-^» 

2*>ii>Alt Lit^etiSi^^- y MO- 2</)m ICOPB 
SllTPfflTt. Sffi3Kt^SE$fi.S. -enWfflK 
^12Xii. Pffi3t«9 0" 1ijSiii*«$ti.-csii5t 
t:. Sffi3e<4llIte^Sfil3tO**ij2<^PBS20a 

[ 0 0 3 5 1 ^ LT. SdTet^rofcZ-Pc^jtti. 
<^S2^P BS 2 0 ei<Dmt»mm2 BTRitSflT* 
50 »*«H+Tl!afc:9O|0S«S<l, »2<0PBS2 0bK: 
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ASt$*t5. ^LX. ^coSg2coPBS2 0bTt>S(i 

10036] Jg^i::^>yM 0-2-CP(i3fe5»A>S«3K 

•y M 0-2t:'S«3K<7)*iliil»$^l^3feti3i8?JLCi.y 
MO- 3<0#MaRS 1 2-C{Mi*«9 0 • HlK^fLT 10 

pmytizm^-fh. x-^x. «&^jL-.xMo-3«o^ 
1 <op B s 1 1 </)mmmsi 1 5T-^issixTd?- k 3 

[00371 [;K-h33&»/?>;K-h4'^<%KR] icoJB 

^,4f-h2t:Q»i-5J©^tH«t. ;K-h3<0ffi?JL 
ri-y h 1 0-3*»/i»jMt$*i/MKIi. «S«a[iiii*«laI« 

;^fl.^:*«f>ii3iL. h 4 coSSg? y M 0 - 4 K: 
Alt^it. -e«S^:x:^>y M 0-4iO|glcOPBSl 

1 mmmmm 1 5 -c^is^nT^c- h 4 t«isflc# 20 

[00 38] ClOidtc. ;K-M*><^>Ait$*i^3ta 
/■K-h2*>^>aj»$it. ;K-h2*>^>AltS<t:t3te«!K 
-h336»<i>aj«3*L. df-h3*»<?>A«$<ifc*li!K- 
h4*»/^aJlt$tL5<J:3fc^l.. 

[00 391-:*r. PBS^fflV^Jt3!&1^-^jLP-^<0 

^«tis* (mm) ^s.k. mm^mm^^hm^ 
mm(r>-rtibizx-yx±t^BmfK^m^tz^ttL 
im^mi&^mmtt^s'^x^^tixLtotiib 30 

^z-y\,^xmm■^. 

[0040] [.-K- h 2*>/i>--K- h I'^f^fiS^] ^ 

iiii^iKcis^gbtifi^npffi^T-fts. pm^am 

2<0PBS20a. a(tfflPBS30a&-e<0**j®i 
LTffilU ig^Jt^-yM0-l<^MBRa{12t=A 
mtlh. m'^~'yhlO-l<^mK^12Tl/ 

2m:misim&t?>mmw^. i/2mMi 40 

5. filoT. Sg^JLT^ yM 0-lrtfDllKOPBSl 
l«0«3fe^atJSl5'e. P®3tJi^t, S<B3t*iRlt 
thffiX. SS^ .y M 0 - 1 *><5J±rff- h 1 i^^£U 

ffitaist$fLS . ^r*j. aa^i- y m 0 - 1 <om 1 0 

PBS 1 l^)fi3K^KISl StctJV^-Cfc. 7l3ttk^fifc: 
[0 0411-:*-. .■K-h2<':«g?JL:::i«yM0-2*» 50 
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;*>jij«$fii.«i:^ifiii«^Jis(i7t-ej>s. H4(cUcJ; 

dtr. «I.S«B4. •e<0^i^:^i:**ll2<0PBS2 0 
aO«36^)-«82 3rRlt$*t. fiiR«fc:5K-b3t:IS 
^^ilS. t*»L. ^cr)^2<7)PBS2 0a<0««[^JS 

112 3tte{ts?i3tit^;£fc:j: 0 pmm-wm&L 
xhtmwhh, 

[0042] Ltimmrym^-o\yr:m^'r 

Sfc. aefcr^iafcr. ?ilHlfflPBS3 0 afcAlt§ 

^i. -e*^^ < <oi£^*iKiffl p B s 3 0 a ^ffmmm 

J83 3TR»S*i.&0-C. df-Mfc:|&^$*l^:VV 

^.■?>^fa<o^-^^c:t>^^^^^^\ 

[0043] -etr. C:<O*IHSfflPBS3 0a<7)««^ 

h 1 OMB^jL^^ M 0 - 1 rtR:Alt$tL&3W4. 112 
<0P B S 2 0 a fciilSfflP B S 3 0 ac7)2-:>cOffl3K^jB 
IS2 3, 3 3i&^t;tt.cOf:^ScO'e23lliO«^-C 

[0044] [.-K-h3*>^>^-h2^<Ojij!l3e]3g^ 

h 1 o-3i}^hm^fihwmmt\i.sm^T 

hh, -eci-C. H7t:^J:dfc:, 2o«m2<?5PBS 
2 0b, 2 0a<Oll3l£^i-Jg|g2 3'C2|llSSt3ifCffl^ 
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3Ki:^rS. fS-oT, 01 6(c*-rJ: at:, m2c7)PBS 
2 0aSr-e<0itS)iL. aJi*fS4 5 afcMS. -eL 
T. P®3fC*SOT. ag^f«4 5aT^>^'7^-e- 
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m4ffmk(r>mmtmm<mf^BmtzW'\ mm 

I0074J 

I^Ht J: o-r^ ti>mh.^tJm<^^- h U^r v >co 

[01 ] *lfeB8^^^s^^^-:^fA^-^'<ollloll^6co 

lX$>h, 

[04 ] 01 AW-:}'<Of^ffliiBB0'E-iO 
2'C&S. 

[05 1 01tcS^"r3t9--'¥A^-:^<Of^lHilBBa-5-<^ 

3-C&S, 
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[l^^coiiBBl 

1 iiyy^)>i^VyX 

2 ^yrAf^ 

10-1. 10-2. 10-3. 10-4 JSHFi^-/ 

11 ®li^^J^h-A;^7-y-y:? 
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